Stapedotomy is primarily performed to treat hearing loss secondary to otospongiosis, although some patients find that the accompanying tinnitus is more bothersome than the hearing loss. Weprospectively studied 23 consecutive patients with tinnitus secondary to otospongiosis who had undergone s tapedotomy, and we compared their pre-and postoperative medical and audiologic findings. Patients' annoyance with their tinnitus was quantified by means of a visual analog scale, and their air-conduction thresholds were determined by measurements ofa -t-frequency puretone average (0.5, 1,2, and 4 kHz). Statistical analysis was performed using the paired Student s t test and Fisher s exact test. In the group as a whole , the mean tinnitus annoyance visual analog scores were 8.34 preoperatively and 1.56 postoperatively, a highly Significant difference. Clinically, 22 of the 23 patients (95.7%) achieved satisfactory control oftheir tinnitus (improvement or complete resolution)followingstapedotomy. Withrespect to hearing loss, all patients clinically improvedpostoperatively, and audiometry confirmed improvement at all 4 frequencies between 0.5 and 4 kHz. An air-bone gap of less than 10 dB was noted in 17 patients (73.9%). We conclude that in addition to improving hearing, stapedotomy also provides good control oftinnitus.
Introduction
Most cases oftinnitus are caused by disorders in the cochlea or auditory nerve.' The physiopathology and evolution of tinnitus that is exclusively associated with conductive hearing loss has not been widely studied.
According to the literature, between 65 and 87% of patients with otospongiosis experience tinnitus." In these patients, tinnitus can precede the perception ofhearing loss and represent a patient's primary complaint. Causse Vincent reported that tinnitus secondary to otosclerosis may be caused by poor vibration of the inner ear fluids. ' An increase in the resistance of the acoustic vibration of the annular ligament of the stapes footplate results in a decrease of vibration in inner ear fluids. The decrease occurs primarily at the low frequencies, explaining why the audiometric gap is larger in these tones. The decrease in afferent information at the low frequencies is probably responsible forthe increase in auditory cortex sensibility in perceiving low-frequency sounds. Therefore, an excess of feedback could generate tinnitus via a complex interaction between afferent and efferent pathways, a circumstance that is not specific to otospongiosis." On the other hand, Glasgold and Altmann suggested that the agglutination of red cells inside the small vessels of the auditory system triggers the development of tinnitus in patients with otospongiosis and other types of hearing loss.' Stapedotomy is primarily performed to restore hearing in patients with otospongiosis, regardless of the presence or absence of tinnitus. As a rule, surgery involves removing the upper structure of the stapes, perforating the footplate, and introducing a prosthesis that connects the perforation to the incus, thereby reestablishing sound conduction up to the oval window. Y When performed by experienced surgeons, stapedotomy improves hearing in approximately 96% of patients.? Moreover, in most cases (63%), the air-bone gap is closed to within 10 dB or less, which is defined as a successful outcome."
Tinnitus is not traditionally considered to be an indication for stapedotomy in patients with otospongiosis, but tinnitus is sometimes more bothersome than hearing loss. Therefore, we conducted a prospective study to determine whether stapedotomy provides a significant benefit for patients with otospongiosis whose tinnitus has negative effects on their quality of life.
Patients and methods
We examined the records ofall patients in the Department of Otorhinolaryngology at our institution. Patients were eligible for study consideration if (I) they had constant unilateral or bilateral tinnitus associated with any degree ENT-Ear, Nose & Throat Journal' July 2005 of hearing loss, (2) they were suspected of having otospongiosis, and (3) stapedotomy was not contraindicated on clinical or aud iologic grounds. Exc lusion criteria included previous surgery in an affected ear. Ultimate ly, we selected 23 patie nts with otospongiosis-12 men and I I wo men , aged 24 to 54 years (mean: 37)-as suitable candida tes for stape dotomy and inclusion in our stud y. The study protocol was approved by our institution 's ethics comm ittee , and written info rmed consent was obta ined from eac h patient.
Preoperative evaluation. Prior to surgery, all patients were aske d about the general characte ristics oftheir tinnitu s, and all we re asked to rate the degree of thei r tinnitu s on a visual analog scale from I (minimal) to 10 (very bothersome). Patients also underwent audi ometric assessments of pure-tone air-and bone-condu ction thresholds as measured by an Interacoustics model AC 30 clinic al audiometer with TDH-39 earphones in a soundproofbooth. Tympanometry and aco ustic reflexes were recorded by an Intera cou stics model AZ7 electroacoustic impe dance bridge. To eva luate audiometric results concerning clos ure of the air-bone gap , we used the criteria contained in the Co mmittee on Hearing and Equilibrium guidel ines publ ished in 1995, which estab lished the use of the 4-freq uency (0.5, I, 2, and 4 kHz) pure-tone average (PTA). IO Surg ery. All surgeries were performed from August 1996 thro ugh July 2002 by differe nt otor hinolaryngo logic surgeons, usually supervised third-year residents. All surgeo ns used the same technique and placed the sam e type of prosthesis (Teflon piston).
Postoperative evaluation. All preoperative tinnitus and audiometric assessments we re repeated within 90 days of surgery . Statistic al comp arison of pre-and postoperative findin gs was accompl ished w ith the ass istance ofthe SPS S 10 statistica l analysis program . Data were compared with the use of the paired Student's t test and Fisher 's exact test;
the threshold for statistica l significance was p < 0.05 . In cases where patients unde rwent stapedotomy in both ears, only the results of the first intervent ion were included in our study. Postoperative follow-up ranged from 3 to 12 months. significant improve ment (p < 0.00 I).
Hearing loss. Preoperatively, 20 patients had a pur e conductive hearing loss at all 4 meas ured frequencies; the remaining 3 patien ts had a mixe d hearing loss at 2 and 4 kHz. Postoperatively, mean air-co nduction thresholds were significantly lower at all 4 frequencies (table I) .
Pure-tone thresholds. A ll 23 patients exhibited an improvement in pure-tone thresholds .
Air-bone gaps. Prior to surgery, the mean air-bo ne gap was 34.13 dB. Postoperatively, 17 patients (73.9%) had an air-bone gap of I 0 dB or less, and all ofthem had a satisfactory outc ome with regard to tinn itus (table 2) . According to Fisher 's exac t test, there was no sig nificant assoc iation between gap closure and tinnitu s improvement (p = 0.72), which means that tinnitu s improv em ent does not requ ire that the gap be comp letely closed. Th e air-bone gap in the single patient who did not experience any improvement in tinnitu s rema ined within 15 dB.
Discussion
The effec t ofstapedotomy on tinnitus has not been wide ly stud ied, but some data have been published. House and * There was no significant association between gap closure and tinnitus imp rovement (p = 0.72). 
Results
Tinnitus. Of the 23 patien ts, 5(2 1.7%) had had tinnitus for more tha n 10 years, 5 for 5 to 10 years , and 13 (56.5%) for less than 5 years. Preoperatively, 2 1 patients ( Greenfield reported that 76% of patients who unde rwent stapedotomy exper ienced tinnitus relief.\I Likewise, Sak ai et al found that tinnitus abated in 68% of patients wh o unde rwent either stapedotomy or partial stapedectomy." Gersdorff et al reported a complete resolution of tin nitus in 80% ofpat ients follo wing small-fenestra stapedotomy." Ayache et al found that tinnitus eitherresol ved or improv ed after stapedotomy or stapedectomy in 88% of patients.14 On the other hand , Bellucci reported that tinnitus resol ved or decreased in only 35% of patients who underwent stapedectomy," Our rate of tinnitus impro vement after stapedotomy (95 .7%) was very good and reinforces the validity of the data obtained in most other studies.
Causse and Vincent demonstrated that stapedectomy was more successful in eliminating low-frequency tinnitus (77.8% of patients at 0.5 kHz ) than medium-(38.4 % at 2 kHz ) or high-frequency tinnitus (17.3% at4 kHz and 2.9% at 8 kllz). ' In our study, we did not measure pitch -and loudness-matching, so we are unable to make a comparison with those data.
The mechanism by which stapedotomy elim inates or relieves tinnitus involves the reestablishment offunctional vibration in the inn er ear fluids, which causes interruption of feedback (less afferent and more efferent information). Th is mechanism would explain the prob able relationship between a reduction in tinnitus and improvement in hearing. Hence , in oth er cond itions where surgery can restore hearing loss-for example, stenos is of the external ear canal, tympanic membrane perforat ion, and bone structure fixation or interruption by middl e ear effusion -it stands to reason that tinnitus would also decrea se or completely disappear. '
Reli ef of tinnitus following hearing restoration may be the result ofthe adequate recovery ofthe higher sensibility ofthe auditory cortex because the afferent information has been reestablished. According to Hell er and Bergman, 75 of 80 (93.8%) normal-hear ing subj ects developed tinnitus durin g a 5-minute stay inside an anechoic chamber. 15 The centr al nervous system comp ensates for the decrease of a cert ain stimulus by increasing the sensibility ofthe centers involved in its perception. In this case, the absence of sound or a decrease of affere nt informat ion sec ondary to an airbone gap would resul t in an increase in the sensibility of cochlear centers to any stimulus, including the spontaneous activity of auditory pathways, and thus have an effec t on the perception of tinnitus."
It is we ll known that stapedotomies are most successful when performed by well-trained surgeons." Ne vertheless, the operations in our stud y we re performed by res idents, and the postoperative results were surprisingly good. Postop eratively, 73.9 % of our patients had an air-bone gap of 10 db or less , and no pati ent experienced a severe or worsening sensorineural hearing loss. However, we are aware that the results of stapedotomy are not completely predictable, and if we had studied a greater number of 414 patients , we probably would have observed some complic ations of this surgery.
Tinnitus can be caused by many factors, including otologic diseases , metabolic alterations, neurologic diseases, and vascular diseases, amon g others." Persistent tinnitus desp ite stapedotorny and an air-bone gap within 15 dB, which occurred in the 1 patient in our stud y who did not impro ve, is probably caused by an und erlying condition, such as glucose intolerance, excessive caffeine intake , destruction of Corti hair cells by proteolytic enzymes released from otosclerotic foci , or an inadequate supply of blood to the inner ear secondary to hyalinization of the spir al ligament of the stria vascularis ductus cochlearis, which is a natural consequence of the progression of otospongiotic disease." :"
In conclusion, our data are consistent with those published else where in the literature. We belie ve that patients with otospongios is in whom tinnitus is bothersome are good candidates for stapedotomy.
